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ABSTRACT 

The i n f l u e n c e  of s e v e r a l  crew r o t a t i o n  r e g i m e s  on 
a two y e a r  s p a c e  s t a t i o n ,  i n  p a r t i c u l a r  t h e  S a t u r n  V Workshop, 
i s  c o n s i d e r e d .  Resupply by q u a r t e r s  w i t h  t h r e e  man CSM's i s  
assumed. S e v e r a l  d i s t i n c t  "mis s ion  o p t i o n s "  emerge, dependen t  
on t h e  l e n g t h s  of t i m e  i n d i v i d u a l  crew men spend on o r b i t ;  t hese  
are  v a r i o u s l y  s u i t e d  t o  med ica l  ( e . g . ,  l o n g  t imes)  and t o  o t h e r  
( s h o r t e r  t i m e s )  o b j e c t i v e s  for t h e  s t a t i o n .  An a t t r a c t i v e  mix 
i s  o b t a i n e d  when t h e  o n - o r b i t  l i f e  o f  a l o g i s t i c s  v e h i c l e  i s  
t w i c e  t h e  r e s u p p l y  i n t e r v a l ,  b u t  o t h e r  i m p l e m e n t a t i o n s  g i v e  
s imilar  r e s u l t s .  The work i s  i l l u s t r a t i v e ,  and t h e  crew 
r o t a t i o n  schemes s h o u l d  n o t  b e  c o n s i d e r e d  "op t imized" .  
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SUBJECT: Mission Options for a Space 
Station: Crew Rotation and 
Mission Types - Case 710 

DATE: May 13, 1968 

FROM: G.T. Orrok 

MEMORANDUM FOR FILE 

The Saturn V launched workshop, of 1-1/2 to 2 years 
life, has several possible "mission options" dependent on 
crew rotation. The options are distinct on the basis of the 
time individual astronauts spend in drbit, and thus, 
inferentially, on the balance of medical (long-duration) versus 
other (short duration) objectives. 

The resupply profiles discussed here are limited to 
quarterly launches of three man logistics vehicles (AAP CSM). 
Quiescent orbital lives of 60, 90 plus, and 180 days are 
considered. The "incremental rule" is followed for astronaut 
time in space; e.g., durations can be increased only a factor 
of two. It is assumed that a 56 day mission precedes the two 
year workshop. 

Each of the cases below is described by a figure 
(1 through 7) in which the abscissa, time, covers a two year 
period. The time that an individual astronaut spends on station 
is indicated by a horizontal line. 

Case I. Logistics vehicle life less than launch interval (Fig. 1) 

This case, while not nominal, is highly distinctive; 
it is important for other cases in the contingency of premature 
crew return. Some properties are as follows: 

(1) The Workshop has an unmanned mode of operation. 
Engineering man-hours for de-activation and activation 
must be allotted. Some automated experiments might be 
flown; for instance, Earth Applications experiments are 
advantageous if the Workshop is stored gravity gradient 
stabilized. 

(2) No growth in crew time in space is obtained. 
Medical experiments would be de-emphasized after 
sufficient data were obtained. Scientist astronauts 
other than doctors would fly; a varied s-cientific 
program results. 
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Case 11. L o g i s t i c s  V e h i c l e  l i f e  j u s t  g r e a t e r  t h a n  l a u n c h  
i n t e r v a l  ( F i g .  2 )  No Crew T r a n s f e r  - 

When t h e  l o g i s t i c s  v e h i c l e  l i f e  e x c e e d s  t h e  l a u n c h  
i n t e r v a l ,  o v e r l a p  i s  p o s s i b l e .  T h i s  i s  t h e  nomina l  c a s e .  I n  
t h e  s i m p l e s t  v e r s i o n ,  a g i v e n  crew r e t u r n s  w i t h  i t s  own 
v e h i c l e .  The d i f f e r e n c e  between t h i s  and  c a s e  I i s :  

(1) E l i m i n a t i o n  of t h e  unmanned mode ( e x c e p t  c o n t i n g e n c y ) .  

( 2 )  E l i m i n a t i o n  of d e a c t i v a t i o n  and  a c t i v a t i o n  o p e r a t i o n s .  

( 3 )  I n - f l i g h t  handover  t o  t h e  new c rew.  MSC e s t i m a t e s  
t h a t  a minimum t i m e  f o r  s u c h  handover  i s  f o u r  d a y s .  
A s  b e f o r e ,  crew t i m e  i n  s p a c e  i s  n o t  i n c r e a s e d ,  and 
m e d i c a l  a c t i v i t i e s  a r e  de-emphas ized .  

Case 111. L o g i s t i v e  v e h i c l e  l i f e  j u s t  g r e a t e r  t h a n  l a u n c h  
i n t e r v a l :  Crew T r a n s f e r  - Maximized d u r a t i o n  ( F i g .  3 )  

A v a r i e t y  of  c a s e s  a r i s e  when crew t r a n s f e r  i s  p e r m i t t e d .  
F i g u r e  3 i s  an  o b v i o u s  e x t r e m e ,  d i r e c t e d  a t  t h e  ach ievemen t  o f  
maximum d u r a t i o n  f o r  man i n  space  u n d e r  t h e  c o n s t r a i n t s  t h a t  
s u c c e s s i v e  d u r a t i o n s  a r e  doub led .  

It  i s  assumed ( a )  a t  t h e  s t a r t  of  t h e  program t h a t  1 2 0  
days  d u r a t i o n  (somewhat more t h a n  2 x 56 d a y s )  i s  p e r m i s s i b l e ,  
and  ( b )  t h a t  t h e  p o s t  f l i g h t  e v a l u a t i o n  of  a 9 0  d a y  crew w i l l  
t ake  30 days  and q u a l i f y  d u r a t i o n s  of somewhat more t h a n  1 8 0  
d a y s  (2210). 

I n  F i g u r e  3 ,  crew man A i s  r e t u r n e d  to E a r t h  a t  9 0  d a y s .  
F o l l o w i n g  a n a l y s i s ,  t h e  r ema in ing  crew men a re  e i t h e r  r e c a l l e d  a t  
1 2 0  d a y s  o r  g i v e n  a go f o r  1 8 0  d a y s  d u r a t i o n .  S u b s e q u e n t l y ,  c rew 
man B i s  r e t u r n e d  a t  a b o u t  2 0 0  d a y s  and  a n o t h e r  man a t  a y e a r .  
T h e i r  r e p l a c e m e n t s  r ema in  i n  o r b i t  f o r  t h e  Workshop l i f e .  

Some p r o p e r t i e s  o f  Case I11 a r e  as f o l l o w s :  

I n  a two year  f l i g h t ,  d u r a t i o n s  of  90 d a y s ,  1 8 0  d a y s ,  
360  d a y s  ( 2  man) ,  5 4 0  d a y s ,  and 630  days  a re  a c h i e v e d .  

Heavy emphas is  on m e d i c a l  m o n i t o r i n g  i s  r e q u i r e d ;  t h e  
q u a l i f i c a t i o n  of  man f o r  l o n g  d u r a t i o n  f l i g h t  i s  t h e  
p r i m a r y  o b j e c t i v e .  

Most l o g i s t i c s  crew men f l y  o n l y  f o r  t h e  o v e r l a p  
i n t e r v a l  which i s  b r i e f  as l o n g  as "90 d a y s "  l o g i s t i c s  
v e h i c l e s  are  l aunched  on q u a r t e r s .  

(1) 

(2) 

( 3 )  
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The m e d i c a l  s t a t i s t i c s  o f  F i g u r e  3 a re  p o o r ,  and 
would be  improved b y  d o u b l i n g  crew s i z e .  A s i m p l e  minded 
d o u b l i n g  ( 6  man space  c r a f t  s e r v i c e d  b y  6 man l o g i s t i c s )  may 
b e  c o n s i d e r e d  p a r t  o f  Case 111. * 

F i g u r e  4 shows a c a s e ,  w i t h  t l i r e e  man crew,  i n  which 
improved m e d i c a l  s t a t i s t i c s  a r e  o b t a i n e d  a t  t h e  expense  of 
d u r a t i o n .  I n  two y e a r s ,  t h e  d u r a t i o n s  a c h i e v e d  are  90 days  (6), 
1 8 0  d a y s  (31, and 360 days ( 3 ) .  

Twelve men f l y  on ly  f o r  t h e  o v e r l a p  i n t e r v a l .  

Case I V .  Extended ove r l a r ,  

The number of man hours i n  s p a c e  a v a i l a b l e  f o r  o t h e r  
t h a n  m e d i c a l  pu rposes  i s  a f f e c t e d  d r a s t i c a l l y  b y  t h e  amount o f  
o v e r l a p .  Some r e a s o n a b l e  p e r i o d  must be a l l o t t e d  f o r  accommo- 
d a t i o n  to t h e  Workshop envi ronment ,  f o r  i n s t a n c e ,  f i v e  d a y s .  
C o n s i d e r i n g  t h i s ,  a month seems a r e a s o n a b l e  minimum t o u r  o f  
d u t y  f o r  a s p e c i a l i z e d  s c i e n c e  a s t r o n a u t .  A d i s t i n c t  c a s e ,  
t h e n ,  p robab ly  e x i s t s  f o r  o v e r l a p s  a p p r o a c h i n g  30 d a y s  and 
more ( l o g i s t i c s  v e h i c l e s  of 1 2 0  days  l i f e  o r  m o r e ) .  It i s  
c h a r a c t e r i z e d  by  a m i x  of  long  d u r a t i o n  and s h o r t  d u r a t i o n  crew 
men. 

I n  F i g u r e  5 ,  an  example employing 1 8 0  d a y  QCSM's i s  
shown. E a r l y  f l i g h t s  are held to d u r a t i o n s  c l o s e  to 90 and 180 
days  u n t i l  two crew men a t  each d u r a t i o n  have  been  examined on 
t h e  ground.  I n  t h e  l a t e r  f l i g h t s ,  t h e  crew complement i s  s i x  - 
two, p o s s i b l y  s c i e n t i s t s ,  on s h o r t  t o u r s  of  d u t y  ( s  9 0  days )  and 
f o u r ,  m e d i c a l  s u b j e c t s  and e n g i n e e r s ,  on l o n g  d u t y  ( u p  t o  a y e a r  
i n  t h i s  e x a m p l e ) .  

Very s imi l a r  Workshop manning can  b e  o b t a i n e d  i n  o t h e r  
w a y s .  Two examples of  t h i s  a r e  g i v e n .  I n  F i g u r e  6 ,  a two y e a r  
"e scape"  or " r e t u r n "  v e h i c l e  i s  l aunched  w i t h  t h e  Workshop and 
a 3 man crew.  L o g i s t i c s  i s  by 90  day  C S M .  The f i r s t  CSM l a u n c h  
f o l l o w s  t h e  Workshop by  a s h o r t  i n t e r v a l  to p e r m i t  r e t u r n  of  2 
crew members a t  90-100 d a y s .  The e s c a p e  v e h i c l e  i s  c o n c e p t u a l l y  
a CSM. 

If t h e  2 year  v e h i c l e  i s  "new", a 6 man, 2 y e a r  e s c a p e  
v e h i c l e  can  be used  w i t h  14 day C S M ' s  to make a v e r y  a t t r a c t i v e  
program of t h i s  n a t u r e  ( F i g u r e  7 ) .  The d o u b l e  o v e r l a p ,  l e a d i n g  
to t emporary  9 man o p e r a t i o n  o f  t h e  Workshop i s  o p t i o n a l  for 
F i g u r e  6 b u t  compulsory f o r  F i g u r e  7 .  

"12 men on o r b i t  d u r i n g  o v e r l a p  p e r i o d .  
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Summary 

Cons ide red  as a f u n c t i o n  of  crew t i m e s  i n  o r b i t ,  
m i s s i o n  p r o f i l e s  f o r  t h e  S a t u r n  F i v e  Workshop f a l l  i n  two 
d i s t i n c t  c l a s s e s ,  t h e  d i s c r e t e  c a s e  i n  which a l l  crew men 
f l y  f o r  a s i n g l e  d u r a t i o n  (60-90 d a y s )  and t h e  l o n g  d u r a -  
t i o n  c a s e  where s t e a d y  i n c r e a s e  of  crew t i m e  i n  o r b i t  p e r m i t s  
some crew members t o  f l y  f o r  a y e a r  or mors.  The two c a s e b  
c o r r e s p o n d  t o  g e n e r a l  s c i e n c e  ( e . g . ,  men o p e r a t i n g  w e l l  
w i t h i n  t h e i r  known l i m i t a t i o n )  and t o  a m e d i c a l  pr ime c a s e  
(men who may be  n e a r  t h e  edge of human pe r fo rmance  i n  s p a c e  
and who must be  c l o s e l y  m o n i t o r e d . )  

O the r  s i g n i f i c a n t  c a s e s  a r e  shown: t h e  c a s e  when 
t h e  Workshop i s  r e g u l a r l y  l e f t  unmanned i s  a n  i m p o r t a n t  sub-  
c a s e  of t h e  d i s c r e t e  p r o f i l e ;  t h e  " l o n g  d u r a t i o n "  c a s e s  are  
r e a d i l y  c o n v e r t e d  i n t o  mixed crew c a s e s  i n  which b o t h  c l a s s e s  
of a c t i v i t y  may be pu r sued .  No r e p r e s e n t a t i o n  i s  made t h a t  
t h e  p a r t i c u l a r  p r o f i l e s  shown a re  o p t i m i z e d ,  or t h a t  t h e i r  
c o n s t r u c t i o n  r e f l e c t s  a l l  p e r t i n e n t  c o n s t r a i n t s .  

1011-GTO-cas 

Attachment  
F i g u r e s  1-7  

G .  T .  Orrok 
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